Introduction
Ludwig Leichhardt is one of nineteenth century Australia's iconic bushman explorers; famous for his 1845 overland expedition from Moreton Bay to Port Essington, and subsequent disappearance attempting to cross the continent. Myths have arisen around a man whose chief aim was to make a significant contribution to science, and whose scientific work was highly regarded by his contemporaries. "Geologists and botanists valued Leichhardt' (Erdos 1967 ).
Leichhardt arrived in Sydney in February 1842 and, with his new friend Lieutenant Robert Lynd, with whom he planned to produce a book on the flora of Sydney, began plant collecting around Sydney. On an excursion to the Botany Marshes in May 1842 he collected Symphionema paludosum (LL148) and Corybas fimbriatus, his earliest surviving Australian plant collections (Fensham et al. 2006) .
He sailed to Newcastle beginning his first and relatively littleknown journey, up into the Hunter Valley, then north to New England and on to Moreton Bay (now Brisbane). Unlike his later expeditions this was mostly through established grazing properties; he travelled alone, on horseback or on foot. Between September 1842 and March 1843 he spent about six months in the Hunter region. In Newcastle he stayed with businessman Alexander Walker Scott at Ash Island in the Hunter River estuary. Scott was interested in butterflies, and father of the natural history illustrators Helena and Harriet Scott. At the time of Leichhardt's visit, the Scott sisters were about 10 and 11 years old; only three years later they started their paintings to illustrate Australian Lepidoptera (Scott 1864) , the first book on Australian butterflies. Scott's manuscript for Lepidoptera notes that "the caterpillar of (Ptilocephala leichhardtii) was first presented to us by Dr Ludwig Leichhardt, in November, 1842 , at which time we were much engaged together in the pursuit of Natural History, his attention however being principally directed towards the Botanical riches of the Colony ....".
From Ash Island, Leichhardt rode to Glendon, a large property (about 80,000 acres grazing cattle and sheep) on the Hunter River about 10 km east of Singleton owned by Helenus Scott, brother of AW Scott, where he stayed as a guest. From here he was to spend about three weeks exploring the Mt Royal area to the northeast. Most of this area is now in Mount Royal National Park, and partly within the Gondwana Rainforest Reserves World Heritage Area. What prompted the visit to Mt Royal remains uncertain but in a letter written at Glendon on 16 January 1843 he wrote to Robert Lynd, "I am again as I was from the first moment I saw the blue distant hills, continually striving to get to them and over them ..... At present, these (Aurousseau 1968 p626) .
At Mount Royal his enthusiasm for collecting rainforest plants (as specimens for colleagues and material for future publications) and his careful observations of the landscape and geology coincided to produce a valuable record of the landscape at that time, and an intriguing story filled with the pitfalls and perils of nineteenth century scientific collecting. Writing to Walker Scott on 15 February 1843, he described how he had "lived a hermits life for about 3 weeks at Mt Royal, the geology of which as well as the brush of its easterly flancs yielded me a rich harvest of interesting objects. ..... I was between the horns of a wild bull, I was almost burnt to death in a hollow tree -so I hope to become seasoned for the interior." (Aurousseau 1968 p627) Our project aimed to compile the story of Ludwig Leichhardt's three weeks at Mt Royal, to locate his likely routes, and to integrate his written observations with information from his plant specimens (which have not been previously looked at in an environmental context). The story provides a picture of the young Leichhardt as an active scientist and important information about the past and present landscape in particular locations visited by Leichhardt.
Ludwig Leichhardt (1813-1848?)
Friedrich Wilhelm Ludwig Leichhardt was born in Germany in October 1813 and developed an interest in natural history while studying at university in Germany and later in England. In October 1841 he sailed for Australia with the expressed intention of exploring Australia's inland (Erdos 1967) . His overland journey from Newcastle to Moreton Bay in 1843 was followed by a return to Sydney to arrange his collections of plant and rock specimens and to work on the notes of his observations.
He sailed from Sydney in 1844 to lead an expedition from Moreton Bay to Port Essington; he completed the overland journey of some 4,800 km in December 1845, and subsequently planned a further expedition to cross Australia from Moreton Bay to the west coast. After difficulties and delays, this journey commenced in February 1848 but the expedition disappeared without trace later that year.
Leichhardt left many records of his observations in Australia in his diaries, letters, notebooks, sketch-books, maps, and published works. Recent biographies of Leichhardt include Bailey (2011) and Finger (2013) ; his story has also been variously interpreted in literary works expressing widely differing views about his achievements, character and contributions.
Methods
Mt Royal (lat 32 o 10 ' S, long 151 o 20 ' E) is at the southern end of the Mt Royal Range on the north side of the Hunter Valley about 70 km north west of Newcastle. All references to localities, landscape features, and plant species in the Leichhardt material in the Mitchell Library (State Library of NSW) in Sydney covering the time he spent in the Mt Royal area in 1843 were collated. These included Leichhardt's Diary, written in English and German, notebooks written in English, French and German and his published letters (Aurousseau 1968) , his description of the geology of Mt Royal published in Germany (Leichhardt 1855 ) and translated from German by the senior author, and a transcription and translation of German text in his Diary for the period January to March 1843 (Darragh & Fensham 2013) .
Database records of herbarium specimens collected by Leichhardt in the Mt Royal area were sought from state herbaria in Sydney and Melbourne. In the National Herbarium of NSW (coded NSW) database were records of 22 plant specimens; 17 were located in the collection and photographed. Leichhardt's handwritten labels on some of the specimens provided further information on their original collecting site. Details from another 40 specimen records were obtained from the National Herbarium of Victoria (coded MEL) database in Melbourne.
To identify his collecting locations in the field and compare his landscape descriptions with the currently existing vegetation it was important to identify his routes. Because events are often referred to out of sequence in the Diary, and separately referred to in a number of letters, compiling the chronology of events was a challenge. The senior author's local knowledge of the Mt Royal area allowed him to identify particular localities, and site visits were undertaken to check the text references and confirm the likely chronology. Additional material used included maps from the time of Leichhardt's visit, early parish and portion maps showing survey descriptions, and the earliest available aerial photographs (from 1939) of the area.
To check place names and review references that might provide relevant information, discussions were held with members of Singleton Historical Society and others. Contemporary information includes vegetation descriptions and maps prepared by the Forestry Commission of NSW and the NSW National Parks & Wildlife Service Plan of Management for Mt Royal National Park.
The average annual rainfall at Mt Royal is around 1400 mm but is highly variable due to local topographic variation (Bridgman 1984) . During summer, south easterly winds are common and bring moist air and low cloud from the coast and influences the distribution of vegetation with open Eucalypt forests on the drier western slopes and rainforests found in gullies and slopes having a south to easterly aspect.
The weather conditions significantly influenced Leichhardt's activities and as frequently reported in his Diary affected his movements, the plants that were observed, and the conditions under which his plant collecting and drying occurred. Weather records published in the Maitland Mercury and Sydney Morning Herald for January-February 1843 were extracted using weekly weather reports from the towns of Maitland, Singleton, Wollombi and Scone, relatively close to Mt Royal, and compared with the daily Sydney reports to indicate the regional conditions (Appendix 2). Weather observations in the Diary and contemporary newspaper reports for Sydney and the Hunter Valley show general consistency and were compiled to provide context for interpreting Leichhardt's descriptions of particular events.
The Mt Royal excursion was a side trip for Leichhardt, away from the Hunter River where by 1843 most of the pastoral settlement had occurred and where Patricks Plains (now the town of Singleton) had been settled by Europeans 20 years earlier. Contemporary events according to the Maitland Mercury newspaper, which had commenced publication a short time before Leichhardt's visit, included periodic bushranging on the road to Singleton, bands of roaming Aboriginal groups, the highly important agricultural and commodity prices, and commercial and political happenings. Names referred to by Leichhardt are shown in italics after current names. Route numbers correspond with known locations and are in chronological order. Leichhardts camp was located a short distance south of location 4, the sawyers hut was between locations 4 and 5, and Glennies Stockyard is south of location 3.
Results
Likely routes used by Leichhardt are shown in Figure 1 ; Table 1 shows a comparison of some of his place names.
Leichhardt's time at Mt Royal
Following his stay near Newcastle, Leichhardt travelled to Glendon near Singleton which he used as a base for his Mt Royal explorations. He arrived at Glendon on 20 December 1842 where he spent time observing the wildlife and geology. He refers to native animals seen at Glendon, including possums, native cats, kangaroo rat and kangaroo and familiarised himself with the grassland plants in the Eucalypt woodland. His explorations included a dramatic attack by a bull, in which he lost his geological hammer and escaped shaken and trembling, but otherwise unscathed.
In the weeks leading up to his arrival at Glendon, the countryside had been dry with few streams flowing. In a letter to his brother-in-law on 16 January 1843, Leichhardt observed that "The drought has persisted for an extraordinary time, and there was scarcely enough grass on the vaunted banks of Hunter's River to provide my horse with scanty meals." (Aurousseau 1968 p618) In reporting the previous week's weather from Wollombi, the Maitland Mercury (of 21 January 1843) observed "On some days a heavy, lowering sky raised hopes, only to be disappointed, of an immediate and heavy fall of rain; this has been followed quickly by a scorching heat, that has as rapidly changed in a few hours to cool, bracing weather. This variable temperature has had a very trying effect upon the health of delicate persons, and the vegetation begins to wear a sickly appearance for wont of rain." It was through a hot, harsh and barren landscape that Leichhardt made his journey to the lush rainforest at Mt Royal.
St Clair, January 1843
On 24 January 1843, on a dry slightly cloudy day with east to south-easterly breezes, Leichhardt rode to St Clair homestead (now flooded by the Lake St Clair dam), a journey of some 32 km (20 miles) across what would then have been a dry open Eucalypt woodland landscape with an occasional herd of sheep or cattle accompanied by a shepherd. His journey was in the company of an old sawyer "who had cut timber for more than nine years in the brushes of Mt Royal". (Aurousseau 1968 p630) As he travelled north, there would have been tantalizing glimpses of the high mountains to the north; he would have followed a regularly travelled track with Fal Brook (also known as Glennies Creek) to the west and the high forested ridges of Mount Dyrring on the east. The hills narrowed near the present Lake St Clair dam wall, before the valley widened at St Clair homestead, where Carrow and Fal Brooks join, the sandstone and conglomerate cliffs of Baybuck Hill overlooked the valley providing a dramatic sense of entrance. The journey to St Clair was not without incident. His horse fell with Leichhardt "violently shaken but broke fortunately no bone". (Aurousseau 1968 p633) St Clair station was owned by an absentee owner Thomas Steele. Captain Mayne the overseer was not at home when Leichhardt arrived, describing himself as a "stranger slung around with collecting canisters and boxes." (Darragh & Fensham 2013 p137) but with his letter of introduction he was made welcome. The following day the south easterly winds continued, more than likely bringing pleasant slightly cloudy weather and he climbed Mt Dyrring [Dyrrine] to the south overlooking the valley and St Clair. This would have provided him with the opportunity to familiarise himself with the mountains to the north. He enjoyed a very beautiful view from the peak, writing "You see a large number of strange mountain ranges, which I have tried in part to draw." Darragh & Fensham (p138) and his Diary includes a sketch of the mountains, mostly correctly named. (See Figures 2A, 2B and 2C) .
Excursion to Mount Royal
The next day (Thursday 26 January 1843), the journey to the mountains commenced; with south easterly winds again Weeks of wet weather and flooding followed, although it is difficult to gauge whether this was exceptional or normal summer weather at the time.
The scientific results of the Mt Royal visitLeichhardt's plant and animal collections Spelling of locations is as used by LL. In some cases his spelling is inconsistent and the most common usage is used. See Table 1 (Table 2 Figures 5,6,7,11).
Although not primarily interested in documenting native fauna, Leichhardt referred to the native animals that he observed and their characteristics, including their culinary qualities. The species he noted (see Appendix 3) all still occur in the area today.
Comparisons with the contemporary landscape
Leichhardt's work at Mt Royal makes the area one of relatively few locations in Australia with comprehensive scientific documentation of plants and vegetation from the early nineteenth century. Yet despite these early records the first serious ecological work in the region was almost 100 years later in the classic ecological studies of the Barrington Tops approximately 20 km to the north east by Fraser & Vickery (1937a ,b, 1938 ,1939 Finally the eagle Leichhardt watched on Pieries Peak was scared off by an imitation of shooting suggesting that firearms were already impacting the native fauna.
Leichhardt's legacy and the fate of his plant specimens
The Mt Royal journey shows the 29 year old Leichhardt as a young collector early in his career. The characteristics shown became evident in his later journeys, including a quest for knowledge, attention to detail and accurate documentation, and persistence in the face of adversity. We have been surprised by the amount of detail he compiled for the relatively short Mt Royal section of his journey from Newcastle to Brisbane, and how much has survived in letters, the recently transcribed and translated Leichhardt diaries originally written in French, English and German in old script (Darragh & Fensham 2013) , and the high number of surviving plant specimens and their collection location details. The study of sections of the rest of this journey have potential to provide further insights into the natural history, especially of vegetation and plants in the early nineteenth century.
The subsequent history of the plant specimens collected by Leichhardt is not clear. His letters indicate he was sending them to Robert Lynd, and also to Scott. Some specimens were sent to Paris and Berlin (Tom Darragh to MPF pers com). According to Fensham et al. (2006) some of the surviving specimens from the Port Essington expedition in 1844 (many specimens had to be abandoned) were sent to Leichhardt's friend and botanical agent Gaetano Durando in Paris, and that Leichhardt requested that a set of duplicates be sent back to him in Australia. Fensham et al. suggest that this happened as some specimens are now held in herbaria in Sydney (NSW) and Melbourne (MEL).
Stephens (2007) indicates that after Lynd's departure from Sydney in late 1847, at least some of Leichhardt's rock and plant collections and fieldbooks were left for safekeeping with his landlord John Murphy (father of a member of Leichhardt's Port Essington expedition). After Leichhardt failed to return Murphy passed everything (including boxes containing specimens of natural history, books etc) over to the Australian Museum in 1853. Ferdinand von Mueller, colonial botanist in Melbourne asked to look at the plants early in the 1860s (Stephens 2007 ) and specimens were sent to him; it is not clear whether on loan or as a gift, but the National Herbarium of Victoria in Melbourne now holds over 2000 Leichhardt specimens. Some of these were evidently seen by George Bentham, and have presumably travelled to London and back.
In 1902 some Leichhardt plant specimens were discovered in the Australian Museum and these were transferred to the Herbarium at the Sydney Botanic Gardens (now the National Herbarium of NSW) (Stephens 2007) . It is clear from the NSW Herbarium specimens that we have seen from Mount Royal, that some have been seen by von Mueller (his herbarium labels are attached (see Figure 9) ), but others bear no such documentation and as there is not much duplication between the Mt Royal specimens held in Sydney and Melbourne ( Overall we have been surprised to find that as many as 3500 of Leichhardt specimens survive in Australia (including about 1200 collected in NSW and 1500 in Queensland (and about 36 from Port Essington) as well as earlier collections he made in France and Italy (Table 3) . Collections from other places are likely to have been sent to him by correspondents. The majority of his collections from NSW or south-east Queensland, probably represent the greater part of his collecting output from 1843-44, and while this paper concentrates on only a fragment of that collection, we hope it will generate interest in Leichhardt's work in NSW. To assist future research and in recognition of their historical value it is suggested that specimens at the National Herbarium of NSW might be put together as a special Leichhardt collection, like the Banks and Solander collection. At present the specimens are scattered throughout the main herbarium collection.
Geology and landscape observations
Leichhardt showed a keen interest in geology; Branagan (2012) notes his "fine geological background from two years of studying with the best French geologists" and his Diary includes landscape sketches and geological diagrams of Mt Royal (Figure 4 ). An overview of its geology was posthumously published in German in his Contributions to the Geology of Australia (Leichhardt 1855) though this publication appears to have been generally overlooked. According to T. Darragh (pers comm.) Leichhardt sent a significant number of specimens to Berlin (most were destroyed in a fire at the Berlin Herbarium during World War 2 except for a few ferns). There are a few specimens at Kew Garden in London probably sent by Mueller and 13 specimens at Brisbane, probably sent by Mueller, and possibly some at Das Naturhistorisches museum in Vienna (J Pattison pers comm.). As one climbs up to the foot of Piri over several higher terraces (See Figs 11, 12, 13) [ Figure 2C and Figure 4 
Leichhardt's collection areas Sydney Herbarium (NSW) Melbourne Herb (MEL) total

Conclusion
Our Leichhardt project shows that bringing together a reliable body of historical data for a particular location can provide insights and help interpret aspects of the contemporary landscape, and confirms the long term value of careful vegetation and landscape description and the collection and preservation of specimens.
Leichhardt's records of his weeks at Mt Royal culminated in an accurate description of the natural history of a relatively small area of NSW that provides evidence that despite substantial changes in some areas, sites at Mt Royal and Pieries Peak remain much as described 170 years ago. The historical record and the National Park protected lands together provide a base for evaluating future environmental change and management.
There are probably few places in Australia as relatively unspoiled by post-European landscape change as Mt Royal, where the landscape was first documented reliably so long ago.
Other aspects of Leichhardt's excursion from Newcastle to Brisbane are not well-known, yet he left a lot of material in his (recently translated) Diary (Darragh & Fensham 2013) and writings and a surprisingly large set of specimens from it have survived. It is surprising that such a large body of material has remained unknown, and it deserves serious study. As well as their scientific importance, the herbarium specimens have significant cultural and historical value and provide tangible links with two main driving forces in his life, botany and exploration. There is a strong case for connecting all Leichhardt's plant specimens together as one significant collection, in a global, virtual consolidation of images and other information sources.
Leichhardt was a well read, generalist natural historian with a wide range of scientific interests. He made an extensive contribution to understanding the botany, geology and zoology of NSW. Cloudy with light rain.
East/South Easterly winds along coast, partly cloudy with occasional rain.
In Singleton "No rain has fallen here since the shower on the 9th of last month, except a little drizzling rain on Tuesday, the 31st. As might be expected, the young corn is rapidly advancing to premature maturity; in some places where the ground was not properly worked previous to planting it has entirely failed. The grass which a few weeks past, had a cheerfully green appearance, is now withered and dry. This day (Thursday) has set in cloudy with occasional slight showers of rain."
Friday Cloudy with light showers in Singleton, afternoon fine.
Light easterly winds along coast. Friday 10 February 1843
Light easterly winds along coast.
In Singleton "The weather still continues dry; although last Thursday set in with slight showers the afternoon was fair. We have had many cloudy days, and fully expected rain, but have not yet been blessed with any."
Saturday 11 February 1843
Maitland Mercury notes horrible outrage by Blacks at Glendon.
Cloudy with light easterly winds along coast
Singleton -"The weather still continues dry; although last Thursday set in with slight showers the afternoon was fair. In Singleton, "Tuesday, the 14th, set in calm, and oppressively warm; in a hot breath of air, was felt, all was still and silent as death, until between two and three o'clock, when the wind suddenly commenced blowing with great force from the southward, bringing with it immense clouds of dust, and towards evening a little rain."
Leichhardt's activities Weather summary
Wednesday 15 February 1843 (Full moon) South easterly winds along coast.
In Singleton, "cloudy and cool, and a few slight showers fell". Easterly winds, cloudy with rain.
Singleton -The Weather -Tuesday, the 14th, set in calm, and oppressively warm; in a hot breath of air, was felt, all was still and silent as death, until between two and three o'clock, when the wind suddenly commenced blowing with great force from the southward, bringing with it immense clouds of dust, and towards evening a little rain. The following day was cloudy and cool, and a few slight showers fell; this day has also set in cloudy, with occasional slight showers of rain. Much of the late sown corn is completely destroyed, grass is scanty, and water becoming scarce. February 16.
Sydney rainfall 2.73 inches. Sunday 19 February 1843
Strong easterly winds with heavy rain at times.
Sydney rainfall 3.55 inches.
Monday 20 February 1843
Easterly winds with heavy rain at times.
Rain in Singleton. Heavy rain in Sydney with rainfall 2.01 inches.
Tuesday 21 February 1843
Describes attractive 18 year old woman at Captain Maynes who "would make a very desirable spouse and house wife".
Easterly winds with rain periods.
Rain in Singleton. Heavy rain in Sydney with rainfall 3.34 inches.
Wednesday 22 February 1843
Easterly winds with rain.
Rain in Singleton. The River Hunter rose at Singleton on Wednesday about ten feet, but on Thursday morning the rain having in some degree abated it began to fall, and has gradually been decreasing.
Thursday 23 February 1843
Easterly winds along coast, some light rain.
In Singleton, "during the whole of the last week the rain has been almost unceasing, and from various parts of the country we learn that the overflowing of the creeks has done much mischief."
In Wollombi, "During the past week it has rained almost incessantly".
Friday 24 February 1843
Meteor in Sydney noted Light easterly winds, cloudless.
Saturday 25 February 1843
Maitland Mercury reports fight amongst the Aborigines -at Glendon
Light easterly winds, some thunderstorms.
The Floods -During the whole of the last week the rain has been almost unceasing, and from various parts of the country we learn that the overflowing of the creeks has done much mischief. The River Hunter rose at Singleton on Wednesday about ten feet, but on Thursday morning the rain having in some degree abated it began to fall, and has gradually been decreasing.
In Singleton, "The providential rains which have fallen during the last few days have again raised our hopes of a change for the better in our prospects. The last few months have offered little more to remark on than "Dry weather, and crops failing"; we trust to be able to make a more favourable report in future.
Our chances for sown corn are now very good, and for winter feed the present rains are most favourable. The river is up, and bridges down, roads awful; but the cause is so much more valuable than the effect, in reference to those minor subjects, that they only remind us we must make roads and bridges which will not be affected by it."
